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I declare to you solemnly that I've wished to become an insect 
many times. 
Dostoevsky 
From "Notes from the Underground" 
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INTRODUCTION 
The European corn borer, Ostrinia nubilalia (Hubner), has been 
described as one of the nation's most costly insect pests, with average 
losses of approximately $200 million in the corn-growing states 
(Knipling 1979). Management practices for the European corn borer have 
typically focused on the damaging larval stage, with recommendations of 
granular insecticides in the whorl for first-generation larvae and 
liquid foliar sprays for second-generation larvae. While insecticides 
are the frequent control choice, the cost to benefit ratio is often 
unfavorable (Knipling 1979). The need exists for a population 
management program, applied to the ecosystem and employing an integrated 
approach. The ecology of the adult European corn borer is an area of 
exciting management potential that can fit into such a program. 
Until the mid-1970s little, if any, importance had been placed on 
management of the adult stage of the European corn borer. Showers et 
al. (1976) reported adults rested and mated in aggregations within 
"action sites", or grassy areas within or peripheral to the field. 
Before this period, adults were thought to mate and rest on the corn 
plants. With this finding, a whole new area of interest arose focusing 
on the microclimatology and sampling potential of the action site. 
Sappington and Showers (1983a) delineated the characteristics of a 
suitable action site: an area approximately 100 to 150 m^ in size of 
predominantly brome, Bromus spp. (May-June), or foxtail, Setaria spp. 
(July-August), ranging in height from 57.5 to 117.5 cm. The 
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microclimate in this habitat has favorable temperatures and high 
humidity. Free water, which is essential for mating and adult survival, 
collects on the grass in the form of rain or dew (DeRozari et al. 1977). 
After drinking, females release a sex pheromone, which attracts more 
moths to the area. 
Showers et al. (1980) focused on adult control in the action site to 
reduce larval infestation and damage in the field. During 1978, two 
applications of 2.26 kg Al/ha carbaryl in an oil carrier were applied to 
grass conservation lanes within the field and to grass borders around 
the field. Egg mass deposition in the field was reduced with grass 
treatments. Larval cavities were reduced in the stalk, and yields were 
increased. When non-target arthropods were sampled in the treated grass 
areas, neither species composition nor seasonal abundance were 
significantly affected (Whitford and Showers 1987, Whitford et al. 
1987). This alternate approach offered several advantages: a reduction 
in size of the treatment area, and therefore, reduced pesticide 
application resulting in lower production costs and less environmental 
impac t. 
Since adults aggregate in discreet, easily recognizable areas of 
brome or foxtail, numerous adult sampling techniques can be employed 
within the action site. Pheromone traps are effective in monitoring the 
early emergence of males (Oloumi-Sadeghi et al. 1975). Blacklight traps 
(BLT) placed adjacent to, or between the grass and field can monitor the 
movement of moths seeking mates or ovipositing (Sappington and Showers 
1983a). From these BLT captures, the male:female ratio and reproductive 
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status of the female population can be determined» Showers et al* 
(1974b) developed four categories of female matedness: unmated to 
depleted of eggs. Matedness data can be used to determine the 
proportion of the female population actively ovipositing. 
To obtain absolute samples of ECB adults in action sites, Showers et 
al. (1976) employed a l-m^ net, randomly tossed into the grass. The 
number of moths within the cubic meter of action site sampled were then 
counted and sexed. A correlation was made between 0.5 egg masses/plant 
within the cornfield with 3 females/m^ in the drop-net (Showers et al. 
1980). The drop-net technique, however, was laborious and not easily 
adapted to a practical crop production situation. 
A simple, time-saving moth flushing technique was developed, where a 
meter-long bar was swept through the action site canopy in ten meter-
sweeps, resulting in a relative lO-m? sample (Showers et al. 1976). The 
moths that flushed from the grass were counted, and all samples were 
averaged for a daily mean. The flush bar sample was correlated with the 
drop-net sample; 61 adult moths/lO-m^ in the flush bar sample were 
equivalent to 3 females/m^ in the drop net sample (Sappington and 
Showers 1983b). 
Now a hypothetical sampling pyramid exists, with one side formed by 
the correlation of egg masses in the field to females in the absolute 
drop-net sample, and one side formed by the correlation of adults 
flushed in the grass by the relative flush bar sample to females in the 
drop-net. There is a need to determine if a relationship exists between 
egg masses in the field and adults flushed from the grass - the third 
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leg of the sampling pyramid. 
The objectives of this study are to determine if the numbers of egg 
masses within the field are dependent upon the numbers of adults that 
can be flushed from the grass within and peripheral to the field. Such 
a relationship would justify use of the flush bar technique in a daily 
sampling plan, to determine the need and timing of field scouting. The 
second objective is to determine the effect of inbred type in a hybrid 
seed production situation on egg mass distribution by the female 
European corn borer. The effect of inbred type will also be measured on 
egg mass scouting efficiency and larval colonization. Lastly, this 
study will expand the previous treatment strategy applied by Showers et 
al. (1980) to compare the efficacy of an adult control strategy directed 
in the grass with a larval control treatment applied in the field. 
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REVIEW OF LITERATURE 
History 
Introduction into North America 
The first introduction of the European corn borer (ECB), Oatrinia 
nubilalis (Hubner), into the United States is believed to have occurred 
around 1910, in a shipment of either broomcorn or hemp from Central 
Europe (Smith 1920). Before the authorization of an inspection service, 
at least 12,000 tons of uninspected broomcorn were imported from Europe 
between 1909 and 1914. Portions of the shipments were received at broom 
factories near Everett, Massachusetts and Amsterdam, N.Y., subsequent 
centers of the original infestation (Caffrey and Worthley 1927). Later 
shipments from Hungary and Italy in 1922 and 1923 were found to contain 
live larvae, supporting this hypothesis. 
The first positive identification of the European corn borer was 
made from specimens reared from sweet corn in the vicinity of Boston 
(Vinal and Caffrey 1919). In 1917, moths were collected from sweet corn 
in the vicinity of Boston throughout an area of 100 square miles 
(Caffrey 1928). By 1919, the European corn borer had spread southward 
into New York and Pennsylvania and by 1927, it had moved into and 
established in an area of approximately 110,000 square miles. Though 
the spread has been attributed to many factors, the main movement is 




In North America, the European corn borer (ECB) now extends from 
Canada to northern Florida. To date, its movement has not extended 
westward beyond the Rocky Mountains (Palmer et al. 1985). It is 
characterized into three ecotypes (groups of similar geographic 
populations) based on diapause response: nothern (univoltine), central 
(bivoltine) and southern (multivoltine) (Showers et al. 1975). The 
diapause response is programmed by multiple genes which are sex-linked 
to the male, and expression is governed by photoperiod and temperature 
(Showers et al. 1972, Reed et al. 1981). In central Iowa, there are two 
generations per year, although if climatic conditions are suitable, 
three generations are possible (Showers and Reed 1971). Across the 
three ecotypes, there are two sex pheromonal strains, Z (cis) and E_ 
(trans), distinguished by the blend of isomers, Z:E_tetradecenyl 
acetates (Klun and Cooperators 1975). The predominant strain in North 
America has a pheromone blend with a Z:E ratio of ca. 97:3 (Klun and 
Robinson 1971). Some populations in eastern North America, however, 
exhibit the opposite Z:E ratio of ca. 3:97 (Roelofs et al. 1972). 
Biology 
Life cycle and damage 
During its lifetime, the European corn borer goes through four 
stages: egg, larva, pupa and adult. The completion of all four stages 
constitutes a generation (Caffrey and Worthley 1927). In the North 
Central states, the corn borer averages 2 to 3 generations a year. 
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depending on temperature, daylength and genetics (Showers and 
Cooperators 1983). In Iowa, the first flight of moths typically emerges 
in late May from corn and weed stubble, where the full grown larvae 
overwinter. These moths aggregate in patches of grass, termed "action 
sites", along fence rows and waterways to mate and rest (Showers and 
Cooperators 1983). During the first flight, mated females are attracted 
to the tallest plants in the area, and oviposit on early planted corn 
(Sparks et al. 1967). Larval mortality is large, but survival is 
greater on corn with a 92-cm extended leaf height, than corn with a 41 
cm extended height, probably because of decreasing amounts of DIMBOA 
(2,4-dihydroxy-7-methoxybenzoxazin-3-one) with plant age (Guthrie and 
Dicke 1972). 
Everett et al. (1958) described first generation larval damage and 
feeding. First instar larvae feed on tender rolled leaf tissue in the 
whorl. Whorl feeding results in "shot-hole" damage, or rows of holes 
that appear as the leaf emerges from the whorl. By third instar, larvae 
begin to tunnel into the midrib. Midrib feeding results in leaf 
flagging and desiccation. By the 4th and 5th instar, the larvae bore 
into the stalk, creating cavities. Once in the stalk, larvae complete 
development and pupate. First generation leaf-feeding results in a 
reduction of photosynthetic material, and stalk cavities disrupt 
nutrient transport and reduce plant strength (Everett et al. 1958). 
Jarvis et al. (1961) reported greater yield reductions on mid-season 
hybrids from first-generation larval infestations than second-generation 
infestations. In Iowa, the second flight of moths emerge in early to 
8 
mid-July. Females are attracted to late planted corn and oviposit on 
silking and tasselling plants (Everett et al. 1958). Larvae feed on 
pollen that has collected in the axils, and on sheath-collar tissue 
(Guthrie et al. 1960, Guthrie et al. 1969). With very late planted 
corn, tunnelling into tassle buds can prevent tassle development and 
pollen production altogether (Caffrey and Worthley 1927). While first 
generation damage affects yield physiologically, second generation 
damage affects yield physiologically as well as directly on harvested 
parts. Larvae enter the ear and feed on developing kernels (Caffrey and 
Worthley 1927). Direct losses are also caused by tunnelling into ear 
shanks resulting in ear droppage and loss of harvestable yield. Strong 
winds can lodge stalks weakened by larval boring, and secondary 
pathogens can enter and attack plants through larval tunnels (Showers 
and Cooperators 1983). 
Scouting 
There are multiple reports in the literature (Beall 1940, Chiang and 
Hodson 1959, Wu et al. 1965) of a Poisson distribution of egg masses 
within the field. On individual plants, Windels and Chiang (1975) 
reported finding 87.2% of the second-generation egg masses on the 
underside of the leaf. This figure is similar to that of Huber et al. 
(1928) for first generation egg masses on late-whorl stage corn. 
Windels and Chiang (1975) found 43.3% of the eggs on the ear leaf, one 
leaf above and one leaf below. Calvin et al. (1986) suggested a 
simplified scouting technique of searching the ear leaf and the three 
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leaves above and below the ear leaf in place of the more time consuming 
whole plant examination. Egg mass numbers could then be converted back 
to a whole plant basis by the equation: 
Full-plant count • partial plant count 
X of egg masses in the X 100 
partial plant count 
Calvin et al. (1986) predicted a 91% recovery of the egg masses with the 
seven-leaf partial plant examination versus whole plant. 
' Scouting for first generation-damage begins in early June in Iowa, 
based on degree-day accumulations after first adult emergence (Jarvis 
and Brindley 1965). Typical sampling consists of taking a minimum of 
five random samples of 20 plants each. To avoid the "edge effect", 
samples are taken in all representative areas within the field (Showers 
and Cooperators 1983). The percentage of shot hole damage and whorl 
feeding are recorded. The whorls of two plants per sample should be 
pulled to examine for live larvae. Scouting for second generation 
infestations consists of examining five samples of 20 plants for egg 
masses. 
Treatment and control 
Until recently, first generation damage thresholds in field and 
sweet corn have typically been based on 50% of the plants showing leaf-
feeding and whorl, or shot-hole damage. This threshold is lowered to 
25% for seed corn production (Adda Sayers, IPM Specialist, Pioneer Hi-
Bred Int., personal communication). Second-generation thresholds are 
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based on 0.5 egg/mass per plant. Several methods for timing treatments 
are the accumulation of 1100 borer degree-days, a tassle-bud ratio of 30 
to 50, 87% moth emergence, and first egg hatch (Cox and Brindley 1958). 
All thresholds are dependent upon plant growth stage at the time of 
infestation. 
In the Corn Belt, the standard insecticidal treatments for European 
corn borer control have been granular applications to th vhorl for 
first generation larvae, and liquid foliar applications for second 
generation larvae. Granular applications were shown to have a longer 
residual effect in the whorl than ultra-low volume formulations of the 
same chemicals (Harding et al. 1969). Carbaryl, diazinon, furadan and 
numerous other granular formulations were shown to give adequate control 
(Jackson 1963, Harding et al. 1969, Berry et al. 1972). Until its 
banning, DDT was the most effective and popular liquid formulation of 
choice (Jackson 1963). 
In conjunction with insecticidal control, corn varieties are 
available with whorl or sheath-collar resistance. First generation 
whorl resistance, or leaf feeding resistance, has partially been 
attributed to concentrations of DIMBOA, or 2,4-dihydroxy-7-
methoxybenzoxazin-3-one (Klun et al. 1967). Second-generation 
resistance, or resistance to sheath-collar feeding has been harder to 
select. To date, no highly resistant hybrids are available with yield 
level comparable to susceptible hybrids (W.D. Guthrie, personal 
communication). 
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Adult Ecology and Management 
Effect of environment 
Environmental factors have long been known to influence insect 
activity (Williams 1935). Sparks (1963) showed that ECB mating 
increased with a temperature drop and reduced light. Copulation 
occurred when adults were exposed to a falling temperature in phase with 
a light:dark 14:10 h photoperiod. Loughner and Brindley (1971) 
elaborated on this work, showing that light and cycling temperatures had 
the greatest affect on mating. They reported a decrease of temperature 
to within the 29.4° to 19.4°C range, and a reduction in light to between 
250 and 0.1 ft-c acted as an external synchronizer for mating. Light 
was shown to have less influence with cycling temperatures, and more 
influence with constant temperatures. Showers et al. (1974b) reported 
that optimum male capture in traps baited with virgin females required a 
temperature drop followed by a temperature plateau. The temperature 
plateau effect resulted from the simultaneous occurrence of the dew 
point (DeRozari et al. 1977). Both low humidity and moonlight were 
shown to inhibit mating. Wind speed was also found to be a factor 
influencing mating (Loughner and Brindley 1971). Winds of up to 3-mph 
had no effect on mating, but with wind speeds of 10.3-mph, mating was 
completely inhibited. 
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Action site environment 
Caffrey and Worthley (1927) first noted aggregations of adult 
European corn borer moths in vegetation peripheral to fields of corn and 
other crops. Barber (1926) noted "small clouds" of European corn borer 
adults flushed up while walking through particular areas of grass. 
These areas were later termed "action sites", and recognized as the 
adult's mating site (Showers et al. 1976). 
Subsequent laboratory studies and field observations delineated the 
abiotic requirements, such as temperature and humidity, of the preferred 
microclimate for aggregation and mating in the action site. Neither 
feral females nor the synthetic lure were attractive to males in the 
absence of free water (Showers et al. 1974a). Sexual activity was noted 
to diminish with the disappearance of dew (DeRozari et al. 1977). In a 
laboratory study, Kira et al. (1969) noted moisture also had an effect 
on fecundity, with a 10- to 20-fold increase in egg production in moist 
air. 
The microclimate of the action site has nightly environmental 
conditions conducive to mating: optimal temperatures, high humidity, 
free drinking water from rain and dew, reduced air movement and 
illumination. DeRozari et al. (1977) measured the previous 
environmental parameters in both short grass and tall grass sites. 
Flight activity of males was not sexually oriented until after both 
sexes imbibed water from dew or rain (DeRozari et al. 1977). From work 
on female ECB physiology, Vance (1949) concluded that females require 
water for survival and mating. Dew was found to be available for a 
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longer nightly period on grass (7.3 h) than corn (5.3 h), which supports 
the conclusion that adults aggregate and mate predominantly in grass, 
not on corn plants in the field (DeRozari et al. 1977), 
Showers et al. (1974a) reported a clumped, or contagious 
distribution of moths in the grass. The size and floral composition of 
the action site seems to determine its attractiveness, possibly by 
creating a unique microclimate (DeRozari et al. 1977). Pheromone 
emission by females has also been suggested as a component for 
aggregation (Showers et al. 1976, Sappington and Showers 1983a). Schurr 
(1970) noted stands of foxtail, Setaria spp. and pigeon-grass, Setaria 
glauca, were attractive, especially if over a foot in height. Showers 
et al. (1976) used mixed plantings of giant foxtail, Setaria faberii, 
and green foxtail, S^ viridis with staggered planting dates to show that 
numbers of feral moths were directly proportional to grass height, with 
equal importance given to canopy density. Moths showed the greatest 
preference for grass that was 57.5 to 117.5 cm tall, and had covered at 
least 45% of the area. Typically, action sites have an average area of 
100 to 150 m^, and are 5 m at their narrowest width. Moths show a 
reduced tendency to aggregate in narrower areas (Sappington and Showers 
1983a). The maximum moth density per area grass has not been 
documented, although Schurr (1970) reported captures with hand nets of 
1,141 females in a quarter mile of ditch. 
The European corn borer has become established in southeastern 
Alberta (Lee 1988), where the climate is dry, unlike the humid summers 
in Iowa (Muller 1982). The Alberta vegetation is predominantly 
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perennial grasses, interspersed with low annuals, whereas Iowa's 
vegetation is within the grassland-deciduous- forest transition zone 
(Livingston and Shreve 1921). Because action sites exist only within 
irrigated cornfields, Lee (1988) set up a grid pattern of pheromone 
traps around and within cornfields to test for distribution differences 
of moths. A relative flushing sample technique was also used to monitor 
both sexes of adults within the field. Greater numbers of male moths 
were captured in pheromone traps within the field than on field edges, 
and numbers of flushed moths and egg masses increased toward the center 
of the field. The study concluded that in the absence of action sites 
peripheral to the field in the semidesert environment of Alberta, there 
was a greater distribution of moths in grassy areas, where available, 
within the field. 
Action site-directed control 
Action site-directed control strategies have yet to be extensively 
researched or employed. Schurr (1970) reported that weed removal around 
the field resulted in both a reduction of European corn borer 
populations and an increase in yield. In a study where weeds were 
removed during the second flight of moths, Schurr reported six times 
more damaged plants in weedy plots, than in weed-free plots. Schurr 
encouraged the removal of the female's "daytime hiding place", by 
cutting weeds along fence rows and in ditches, as a control measure. 
However, while weed removal could eliminate the aggregation of adults in 
the field's proximity, silking and tasseling corn would still be 
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attractive to ovipositing females in the general area within a radius of 
several hundred meters (Showers et al. 1976). 
Showers et al. (1980) focused on an alternate strategy of chemical 
control of adults, rather than larvae. Two applications of 2.26 kg Al/h 
carbaryl in an oil carrier were applied to grass waterways within the 
field and to grass borders around the field. In 1978, the grass 
treatments resulted in a reduction of egg mass deposition in the field, 
with 3.3 egg masses per plant in the fields with untreated waterways and 
borders and 0.2 egg masses per plant with treated waterways and borders. 
The grass treatment reduced larval cavities to 14.3 cm per corn plant, 
versus the untreated grassy areas with cavities totaling 40.8 cm per 
corn plant, and yields increased from 192.1 g per plant to 210.0 g per 
plant. 
Exploiting the action site by adult-directed pesticide applications 
has several advantages. In studies by Guthrie et al. (1985), a single 
female averaged approximately 300 eggs over a 10 night period. Removal 
of females before oviposition reduces potentially damaging larval 
populations. Secondly, action site areas typically average 100 to 150 
m^ in size (Sappington and Showers 1983a). Treatment of action sites 
for adult suppression requires only areas within or around the field be 
sprayed, rather than applying insecticides to the whole field for larval 
control. Grass treatments, therefore, could reduce the total amount of 
chemical applied to the agroecosystem. Lastly, since grass canopies are 
continuous, less toxicant would drift down to the soil surface in 
comparison with row crops. 
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Studies were done (Whitford and Showers 1987, Whitford et al. 1987) 
to assess the impact of action site-directed sprays on the non-target 
arthropod complex. The studies evaluated species composition and 
seasonal abundance of ground- and foliage-dwelling species. Homoptera, 
Orthoptera and Coleoptera accounted for 98% of the total insect fauna. 
A total of 24,497 insects were collected, with the greatest abundance 
occurring between mid-June to mid-August. Carbaryl 4-oil and 
fenvalerate produced non-significant effects on the ground-dwelling 
fauna for both years of the study. During 1983 and 1984, there was a 
non-significant but consistent trend for higher numbers of three genera 
of Coleoptera collected from pitfall traps in treated compared with 
untreated plots. Spider populations were generally unaffected, except 
for one family of foliage-dwelling spider, Tetragnathidae, which was 
reduced for a 28 day period. The ecology of adult ECB within the-ection 
site creates a valuable "window" for insect management. Grassy areas 
are ideal sample sites to monitor both population level, and rate of 
population change. 
Action Site Sampling 
Blacklight trap 
The blacklight trap (BLT) is an efficient tool to monitor the 
nocturnal movement of the adult European corn borer between the action 
site and field (Showers et al. 1976). The "dazzle" theory is popular 
for the explanation of the attractivity of blacklight traps (Robinson 
1952). The theory states that moth capture is purely mechanical, with 
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moths drawn to the light regardless of the motivational force behind 
flight. The radius within which the European corn borer can be 
attracted is unpublished. 
Caffrey and Worthley (1927) reported the greatest flight activity 
began shortly after dusk and continued for 3 to 4 h. Huber et al. 
(1928) reported bimodal nocturnal flight activity from BLT data, and 
suggested that the direction of flight was physiologically motivated. 
Through a comparison of climatic conditions, DeRozari et al. (1977) 
concluded moths move from tall grass to shorter grass from 2000 h to 
2200 h in search of free water. The number of males flying under 3 m 
did not correlate with the number of males captured in pheromone baited 
traps until after 2200 h. This supported the BLT data of Showers et al. 
(1976) that indicated the first peak of activity was not sexually 
motivated. Through blacklight trap and pheromone trap data, in 
conjunction with visual observations. Showers et al. (1976) 
characterized sexual activity by a quadratic curve, with a peak between 
1200 and 0100 h. 
Knipling (1979) suggested that even though an insect's population 
density may fluctuate, the proportion of the population captured by a 
light trap remains the same. Caffrey (1928) and Baker and Bradley 
(1948) reported that the number of ECB attracted to light traps was less 
than 1% of the population in the immediate area. Hervey and Palm (1935) 
concluded light traps had value in studying ECB flight habits, the 
period of flight and the effects of weather on flight. They also stated 
that the traps captured only a small portion of the total population. 
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The BLT is effective in monitoring ECB population trends, and 
females that are captured moving between the field and grass can be 
dissected to determine the mating status of the female population. By 
removing the abdomen and observing the condition of the ovaries, corpus 
bursa and the presence of a spermatophore, Showers et al. (1974b) were 
able to group females into four classes: 
Class 1 - females unmated, ovaries gravid 
Class 2 - newly mated, ovaries gravid, spermatophore present and 
full of sperm 
Class 3 - ovaries partially depleted, spermatophore partially 
depleted of sperm 
Class 4 - ovaries depleted of eggs, spermatophore depleted of 
sperm, deeply melanoid and concave 
By using this technique, a relative sample of females can be used to 
estimate the degree of matedness and the proportion of actively 
ovipositing moths in the population. 
Contrary to the suggestion of Knipling (1979), Showers et al. 
(1974b) reported black light traps did not sample the same proportion of 
females when populations were small versus large. Class 3 and 4 females 
composed a smaller proportion of the female capture with reduced 
population levels. Greater numbers of male captures were thought to 
result from male flight in search of mates. Stirrett (1938) noted more 
males were attracted to the light than females, and more females were 
attracted to cornfields. The numbers attracted to the two sites were 
not correlated, however. 
While the BLT is useful for monitoring population trends. 
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conflicting literature exists on its predictive value for egg mass 
numbers in the field. Barlow (1963) and Barlow et al, (1963) reported 
that the number of female European corn borers captured in the spring 
indicated the size of the first-generation, Wressell (1972) reported 
that greater ECB moth captures did not always correspond to greater egg 
mass deposition, but that there was a relationship between few BLT 
captures and small infestations. Elliott et al, (1978) did find a 
significant correlation between captures of mated females and total 
adults to larval infestation and damage in peppers, Legg and Chiang 
(1985) found a significant linear relationship existed between egg 
deposition and females captured in the BLT, when crop maturity and 
planting date were incorporated into the model. They reasoned that the 
attractiveness of the corn, as influenced by crop age, would affect egg 
mass deposition but not necessarily BLT capture, and therefore a model 
lacking these variables would not permit significant correlation. 
Showers et al, (1974b) reported peak egg mass deposition 1-3 days after 
peak captures of class 2 females in the BLT, 
Pheromone trap 
Oloumi-Sadeghi et al, (1975) and Kennedy and Anderson (1982) found 
that the BLT and pheromone trap were asynchronous, except with small 
population levels. They concluded that with large populations, feral 
females outcompete synthetic lures, causing a drop in trap capture, 
Howell (1974) reported a 75% decrease in codling moth trap efficiency 
because of the presence of feral females. Peak male capture in 
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pheromone traps occurs after both egg deposition and light trap capture 
maxima, therefore, there is little predictive potential for larval 
infestation with pheromone traps. Abiotic factors, such as temperature, 
humidity, trap location and attractant concentration can affect trap 
efficiency as well. Synthetic sex pheromone baited traps are, however, 
a valuable tool to monitor emergence early in the season, when female 
numbers are small (Howell 1974, Oloumi-Sadeghi et al. 1975, Kennedy and 
Anderson 1982). 
Drop-net 
The use of the drop-net as an absolute sampling method for adult 
European corn borer was first described by Showers et al. (1976). The 
drop-net sample consisted of tossing a screen net, a cubic meter in 
area, randomly into the grass. Adults trapped under the net were 
counted and sexed. Samples were taken in action sites within and around 
cornfields, for an equivalent of 10% of the area sampled. By regressing 
cumulative numbers of egg masses on cumulative numbers of females in the 
drop-net the following predictive equation was developed: 
y • -0.32 + 0.30x (r - 0.92) 
where y - the predicted number of egg masses per plant, and x - the 
average number of females per Im^ of action site. With this equation, 
0.5 egg masses per plant in the field was equivalent to an average of 3 
females in the drop-net sample (Showers et al. 1980). 
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Flush bar 
A simpler, less labor intensive sampling method is the flush bar. 
Strickland (1961) prescribed the flush technique for large, easily 
visible insects. Showers et al. (1976) first used the flush bar to 
sample adult moths at dusk, 2100, 2400 and 0600 h in a study of mating 
activity and habitat preference. A 0.9 m rod, held parallel to the 
ground, was used to take 10 one-meter sweeps through the vegetation 
canopy while flushed moths were counted. Approximations were made on 
the male:female ratio. Caffrey and Worthley (1927) noted heavier 
females have a slower, straighter flight in comparison to the zig-zag 
flight of males. 
Sappington and Showers (1983a) employed both the blacklight trap and 
flush bar to monitor local ECB populations. In this study, a 1-m metal 
bar was swept through the grass ten times in a pendular motion, for a 
10-m^ sample area. Samples were taken in all available non-overlapping 
grass habitat. An average of three to six sample sets were taken per 
site per day. Samples were taken in the early morning, before 
increasing wind and heat reduced the tendency of the moths to flush. A 
trail man followed behind the sampler to verify adult counts and check 
for sampling blind spots. The counts of the sampler were found to be 
less variable than that of the trailer, and the need for a second person 
was dismissed. 
Sappington and Showers (1983b) correlated the flush bar sample to 
the drop-net. The potential replacement of the drop-net by the flush 
bar offered a simpler, less labor intensive monitoring device. When 
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averaged daily flush bar samples were regressed on averaged drop-net 
samples, the data suggested 61 adults in the flush bar sample were 
equivalent to three females in the drop-net. The remaining question, 
addressed in this dissertation, is whether the number of egg masses in 
the cornfield is dependent on the number of moths flushed from the 
grass. Such a relationship could be used to developed a predictive 
equation to determine the need and timing of actual egg mass scouting. 
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PART 1. RELATIONSHIP BETWEEN EUROPEAN CORN BORER EGG MASSES 
AND ADULT NUMBERS IN A RELATIVE SAMPLE 
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INTRODUCTION 
There are multiple references in the literature of the aggregation 
of European corn borer (ECB), Ostrinia nubilalis (Hubner), moths in the 
grass outside of cornfields (Caffrey and Worthley 1927, Holdaway et al. 
1949). Initially, ECB adults are attracted to the microclimate of these 
grassy areas within and around the field border (DeRozari et al. 1977). 
Once aggregated, the release of sex pheromone by established females 
serves as a subsequent attractant (Showers et al. 1976, Sappington and 
Showers 1983a). The aggregation of ECB moths in these areas, termed 
"action sites", offers growers an important management opportunity for 
sampling adult populations. 
Showers et al. (1976) defined a suitable action site in the Corn 
Belt as predominantly brome, Bromus spp. (May-June), or foxtail, Setaria 
spp. (July-August), with an average area of 100 to 150 m^ and a canopy 
height of 57 to 117 cm. These areas usually exist in waterways within 
or along field borders, and along fencerows. Free water collects in the 
grass from both rain and dew, and is an important source of drinking 
water for the moths (DeRozari et al. 1977). After obtaining water, 
females release sex pheromone, mate and subsequently move into a 
cornfield to oviposit. 
There is a period of several days (one to eight) between the peak of 
adult numbers captured in light traps in the grass and egg masses 
deposited in the cornfield. A similar interval was documented by 
Stirrett (1938) in data collected from 1927 to 1936. He suggested 
differences existed because of the favorability of environmental 
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conditions for flight and oviposition. Blacklight (BLT) trap data 
indicate that at the peak of adults in the grass, females are 
predominantly newly mated and actively ovipositing (Showers et al. 
1974b). Showers et al. (1974b) determined reproductive status by 
removing the abdomen of females captured in light traps, and observing 
the ovaries, bursa copulatrix and noting the presence of a 
spermatophore. A classification system was developed with four 
categories of matedness: 
Class 1 > unmated, ovaries gravid 
Class 2 " newly mated, ovaries gravid, spermatophore present 
Class 3 " ovaries and spermatophore partially depleted 
Class 4 " ovaries depleted, spermatophore depleted, concave and 
melanoid 
The duration of each class was approximated in laboratory studies. 
Females would mate within twenty-four hours of pairing, but not 
oviposit. After forty-eight hours of pairing, approximately 73% of the 
females had partially depleted spermatophores, signifying egg deposition 
(Showers et al. 1974b). The lag in time between mating and subsequent 
oviposition observed in the laboratory is seen on a larger scale in the 
interval between the peak in adults in the grass and egg deposition in 
the field. This interval between the build up of adult numbers in the 
grass and egg masses in the field provides a management decision window, 
that allows time for field scouting to determine actual field 
infestation. 
Previous action site sampling for second flight ECB moths by 
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Showers et al. (1980) consisted of randomly tossing a mesh net, l-m^, 
into the grass and counting the adults within. A predictive 
relationship was established between 0.5 egg masses/plant in the 
cornfield with 3 female moths/m^ grass in a drop-net. Sappington and 
Showers (1983b) subsequently correlated 61 moths per 10 m^ by a less 
labor intensive flushing technique with 3 females/m^ in the drop-net. 
The objective of this study is to validate a predictive relationship 
between egg mass numbers in the cornfield and adults sampled in action 
sites by a flush bar, completing the third leg of a hypothetical 
sampling pyramid (Figure 1). This relationship would allow growers to 
use a labor-saving sampling technique to determine the need and timing 
of field scouting. 
FIGURE 1. The hypothetical sampling pyramid. 
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Drop Net 
(3?Adults/m') Flush Bar (61 Adults/1 Om=) 
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MATERIALS AND METHODS 
Two fields of hybrid seed corn under production by Pioneer Hi-Bred 
International were chosen for sampling during 1985 to 1987, in central 
and north central Iowa. Both fields were planted with six rows of 
inbred A, used as the female (detasselled) parent, with two rows of 
inbred B, used as the male (tasselled) parent. Specific inbred 
indentification is unavailable for reasons of seed production security. 
Fields were chosen on the basis of attractiveness to second flight moths 
by planting date and maturity (Everett et al. 1958). Late-planted 
fields were optimal, because silking and tasselling would coincide with 
peak ECB adult flight. Availability of grassy sampling areas within and 
peripheral to the field was also an important factor in field choice. 
Three relative sampling methods were chosen to monitor adults daily 
in the grass: 15-W Ellisco blacklight trap (BLT) equipped with a photo­
cell and powered by a 12 V deep-cycling golf cart battery, wing-type 
sticky traps baited with a rubber septum impregnated with synthetic sex 
pheromone (Klun and Robinson 1971), and the flushing technique. 
Sampling began in the second week of July, or at first adult emergence 
and continued through August. 
To monitor the nightly movement of ECB adults, blacklight traps were 
placed along the edge of the grass beside the cornfield. Trap captures 
were removed daily, and moths were counted, sexed and females classed 
into categories of matedness (Showers et al. 1974b). 
Pheromone baited sticky traps were placed every 10-m in the grass to 
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monitor male populations. Flush bar samples were taken daily by 
sweeping a meter-long aluminum bar through the grass in 10 meter-sweeps. 
The bar was held horizontal to the canopy, and adults were counted as 
they flushed out of the 10 m^ area. The total number of moths in each 
10 m^ sample was then averaged over the number of samples taken. 
Typically, seven to twelve samples were taken per field. Suitable 
aggregation areas for ECB moths were delineated by sampling all the 
grass habitat within and around the field, and determining the areas 
with moths present. Areas without adults were deemed unsuitable and 
dropped from the sampling regime. Waterways and fencerows were common 
areas of aggregation. Ditches and roadsides were typically unsuitable, 
because of senescent vegetation and improper canopy height and density. 
Samples were taken before 0930 h (CST), while conditions were calm and 
cool. 
Egg masses were scouted on a three to five day schedule. Within 
each field, four plots were randomly chosen containing 20 male inbred 
plants and 20 female inbred plants. The plots were delineated by 
painting the first plant beyond the end plants of each sample row. The 
same plants were scouted throughout a season. Scouting was performed by 
a partial plant examination of the ear leaf and three leaves above and 
below the ear. Partial plant totals could then be standardized to whole 
plant numbers by multiplication of a correction factor [(x/91) x 100] 
(Calvin et al. 1986). To distinguish between old and new masses on 
subsequent examination, all egg masses were circled with permanent ink 
upon discovery. 
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Daily averages of the flush bar samples were accumulated between egg 
mass scouting dates, and then averaged over the number of days within a 
scouting period (ex., sum of flush bar mean/5 day scouting interval for 
egg masses). This mean of daily averages was then accumulated over the 
season into a running sum of average numbers of flushed adults. Egg 
mass numbers were averaged over plots (20 male and 20 female 
plants/plot) and averages were accumulated into a running sum over all 
scouting periods within a given year. 
To test for the relationship between egg masses on plants in the 
cornfield and ECB adults in the grass, the running sum of egg masses 
(dependent variable) was regressed onto the corresponding flush bar sum 
of adults (independent variable). Linear and quadratic regressions were 
used to test this relationship (SAS 1982). The regressions were 
conducted on individual and combined years. 
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RESULTS 
Profiles of adult numbers flushed in the grass corresponding with 
scouted egg mass numbers in the field indicate that the time interval 
between peak adult numbers and peak egg mass numbers ranged from four to 
eight days (Figure 2-4ab). In 1985, adults peaked in the grass around 
the first field on 29-31 July, followed six to eight days later by a 
peak in egg masses on 6 August (Figure 2a). Adults did not peak in the 
second field until 6 and 7 August, followed by a peak in egg deposition 
on 9 August (Figure 2b). The delay in the build up of moths numbers 
around this field is attributable to the accidental mowing of the grass 
action site in late July. 
The adult and egg mass peaks in 1985 were later, in general, than 
these peaks in the following two years. In 1986, moths numbers in the 
action sites of both fields peaked on 25 July, followed four days later 
by a peak in egg mass numbers (Figure 3a-b). In 1987, moth numbers 
peaked in action sites between 18-22 July, with egg mass numbers 
exhibiting a plateau-like peak 22-30 July (Figure 4a-b). Overall moth 
and egg mass numbers were few in 1987. 
Incorporation of BLT capture and female matedness data indicated 
that during the interval between adult and egg mass peaks, the female 
reproductive status changed (Figures 5a-c). During peak numbers of 
adults in the grass, females were predominantly newly mated and actively 
ovipositing (class 2 and 3), similar to the results of Showers et al. 
(1974b). During the decline of egg deposition, the majority of females 
Figure 2a. ECB adult numbers/lO sampled in the grass by the flush 
bar technique and scouted ECB egg mass numbers per 20 
male and 20 female inbred plants (Field 1), 1985 
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Figure 2b. ECB adult numbers/lO sampled in the grass by the flush 
bar technique and scouted ECB egg mass numbers per 20 
male and 20 female inbred plants (Field 2), 1985 
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Figure 3a. ECB adult numbers/lO sampled in the grass by the flush 
bar technique and scouted ECB egg mass numbers per 20 
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Figure 4a. ECB adult numbers/lO sampled in the grass by the flush 
bar technique and scouted ECB egg mass numbers per 20 
male and 20 female inbred plants (Field 1), 1987 
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Figure 4b. ECB adult numbers/lO sampled in the grass by the flush 
bar technique and scouted ECB egg mass numbers per 20 
male and 20 female inbred plants (Field 2), 1987 
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Figure 5a. Numbers of ECB females captured in the blacklight trap in 









Figure 3b. Numbers of ECB females captured in the blacklight trap in 
















doss 4 00 
Figure Sc. Numbers of ECB females captured in the blacklight trap in 













were partially or completely depleted of eggs, class 3 and 4 (Figures 
5a-c), Pheromone trap data were inconsistent with population trends 
because of the ability of the feral female to outcompete the synthetic 
lure (Oloumi-Sadeghi et al. 1975) and was therefore, of little 
interpretive value. 
Average nighttime temperatures were 16°C in 1985, 20°C in 1986 and 
21°C in 1987. Degree day accumulations (Apple 1952) were compared 
during these three years to determine if there was a consistent 
temperature accumulation between adult and egg mass peaks. The degree 
day accumulations did not indicate that there was a consistent 
temperature trend. In 1985, 169.5 degree days were accumulated in the 
eight days between adult and egg mass peaks. In 1986, 107 degree days 
accumulated over 4 days between peaks and 155.5 degree days accumulated 
over 5 days between peaks in 19G7. There were two nfghts during 1985, 
when low temperatures of 9°C and 11°C, would have inhibited mating and 
egg deposition, therefore, extending the number of days between peaks. 
Regressions were run to determine whether the number of egg masses 
in the fields were directly dependent on the number of ECB moths sampled 
in the grass sites. The data used in these regressions are listed in 
Appendix Table lA. The running sum of egg masses was regressed on the 
running sum of the means of daily flush bar averages between scouting 
periods. The 1985 data did not accurately reflect the relative build up 
of moth numbers in the area because action sites for both fields were 
inadequate for representative sampling. The site around the first field 
failed to develop a stand of foxtail and was subsequently deemed 
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unsuitable. The action site peripheral to the second field, while 
suitable, was mown in mid-season, removing the sampling habitat. The 
data from 1985 were consequently dropped from the model, and the final 
regression analysis was based on sampling data from 1986 and 1987. 
Figures 6a-b represent the 1986 and 1987 running sums of flushed adults 
and egg masses. 
While the quadratic regression was significant for the 1986 data 
(P = 0.0001), the relationship was strongly linear. The quadratic fit 
of the 1986 data only increased the coefficient of determination by 
0.001 over the linear fit. The quadratic regression resulted in an 
excellent fit of the data and was highly significant for 1987 (F • 59.8; 
df - 1,13; P " 0.0001) (Figure 7). The equation obtained from the 1987 
data was: Y » -0.022 + 0.529(X) - 0.002(x2), with an r^ » 0.915. The 
quadratic regression was equally significant for the data combined over 
years (F » 265.7; df = 1,25; P • 0.0001). The cumulative quadratic 
regression equation was: Y » 0.042 + 0.309(X) + O.OOOOl(X^), and 
accounted for 96% of the variation (r^» 0.958). 
The linear model was highly significant for 1986 (F = 103.7; 
df » 12; P » 0.0001) and 1987 (F - 118.7; df - 13; P » 0.0001). The 
general linear test (Neter and Wasserman 1974) determined that the 
quadratic regression did not differ significantly from the linear 
regresssion. In 1986, the regression coefficient for the linear 
equation was b = 0.319 + 0.021 and r^ = 0.957. In 1987, the regression 
coefficient was b =* 0.400 +_ 0.086 and r^ = 0.908. The intercepts for 
the two years were a • -0.158 + 2.74 in 1986, and a « 0.195 +_ 1.175 in 
Figure 6a. Running sum of flushed adults and ECB egg masses, 1986 
Cimulative adults and egg masses 
Figure 6b. Running sums of flushed adults and ECB egg masses, 1987 
Cumulative adults and egg masses 




Figure 7. The fitted line from the quadratic regression of the 1986 
and 1987 running sum of scouted ECB egg masses in the 
field regressed on the running flush bar sum of ECB adults 
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1987. Figure 8 represents the 1986 and 1987 linear relationships for 
the data up to 100 cumulative adults. Although the population numbers 
differed greatly between years, the regression coefficients and 
intercepts were similar, therefore, the data were combined. 
The regression coefficient from the combined linear analysis was 
b - 0.312 + 0.0132 with r^ - 0.958 (F - 554.3; df - 25; P - 0.0001). 
The final predictive equation obtained from this analysis was: 
Egg masses • 0.039 + 0.313 (No. cumulative moths) 
plant 10 m^ flush bar sample 
This predictive equation suggests that when flush bar averages of moths 
in the grass are accumulated each day, a total of 59 moths indicate the 
potential for 0.5 egg mass/plant (Figure 9). Summaries of the 
probabilities and coefficients of determination for all analyses are 
presented in Table A2 of the Appendix. 
Figure 9. The predictive line (95% CL) from the linear regression of 
the 1986 and 1987 running sums of scouted egg masses in 
the field regressed on the running sums of flushed ECB 
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DISCUSSION 
The ecology of the European corn borer offers unique possibilities 
for adult sampling and management strategies. Adult females require 
free moisture and cool temperatures for the release of sex pheromone 
before mating (DeRozari et al. 1977). Areas of brome and foxtail 
habitat within and around cornfields in the Corn Belt offer favorable 
temperatures, high humidity, free water and reduced air movement. 
Adults aggregate in these areas, drawn to both the microclimate and the 
subsequent release of pheromone from females in the grass (Showers et 
al. 1976, Sappington and Showers 1983a). Mated females move from these 
areas into the field to oviposit, and then return to rest in the grass 
each night. While it was previously thought that removing these adult 
mating sites could prevent subsequent larval damage in the field (Schurr 
1970), it was determined by Showers et al. (1976) that mated females 
could fly several hundred meters to oviposit in attractive cornfields. 
The potential for management through the exploitation of these grassy 
areas may now be recognized. The grass offers a discreet sampling 
arena, easily recognizable by the grower, and the flushing technique is 
simple and inexpensive. By sampling these areas, an estimate of the 
population level and rate of increase can be made. 
Sampling adult aggregations in the grass with the flushing 
technique, in conjunction with scouting for egg deposition in the field, 
documented a consistent pattern between the build up of adults and the 
subsequent increase in egg masses in the field. During this interval, 
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newly emerged females become established in the grass, mate and move 
into the field to oviposit (Showers et al. 1976). At the peak of adult 
numbers in the grass, females in blacklight traps were predominantly 
newly mated and actively ovipositing. At peak oviposition, however, the 
proportion of class 2 females drops, and there is a maxima of class 3 
and 4 females. This lag is an inherent ecological aspect of ECB ecology 
which offers the grower a valuable management "window" for actual field 
infestation assessment. 
A predictive relationship was previously established between the 
number of adults captured in the drop-net in the grass, and numbers of 
egg masses per corn plant in the field (Showers et al. 1980). 
Subsequently, numbers of moths in the drop-net were correlated with 
numbers of adults flushed in the grass (Sappington and Showers 1983b). 
To determine if egg mass numbers in the field were dependent upon 
numbers of moths flushed from the grass, a running sum of egg mass 
numbers was regressed on the running sum of a mean of daily moth 
averages. 
In 1987, an excellent fit of the data was obtained with the 
quadratic regression, which accounted for 91% of the variation. The 
quadratic interpretation would suggest a change in fecundity, or number 
of egg masses per female, as the adult population in the grass 
increases. In Yugoslavia, Dulizibaric (1966) reported female fertility 
was greater during the middle of the moth flight, than at the beginning 
or end of the flight. Huggans and Guthrie (1970) noted that eggs laid 
by older females had lower establishment rates in infestation tests. A 
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quadratic relationship might be explained by higher levels of fecundity 
during peak moth flight. Data collected by Showers et al. (1976) 
indicated a trend for an increasing male:female ratio, as females left 
the grass to oviposit. The data suggested a tendency for males to 
remain within an action site, while females moved to new areas after 
oviposition. The objectives of this study, however, did not address 
these issues. 
The linear model gave an equally good fit of the data. The amount 
of variation accounted for by the linear regression was 95% in 1986 and 
90% in 1987. Although population levels varied greatly between the two 
years, as seen in BLT data, the slope and intercept for the two 
regressions did not differ. Data from the two years were combined for 
the final predictive equation. Since the predictive model was designed 
for use in a practical field situation, the linear model was chosen on 
the basis of simplicity. Neither model include the variables of crop 
maturity or attractiveness. However, the data were collected on plants 
that were attractive to ovipositing moths, i.e., tasselling and silking 
during the second flight of adults. For effective application of the 
predictive sampling equation, the attractiveness of the field should be 
determined. The flush sample can then be used to delineate the need and 
timing of egg mass scouting. 
We feel confident in the predictive equation since logically, the 
moths peripheral to an attractive field will likely target that field 
for egg deposition. By estimating the population within an area using a 
relative sampling technique, the subsequent number of potential egg 
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masses can also be estimated. A strong relationship was established 
between the number of moths flushed from the grass and egg masses in the 
cornfield. This relationship remained consistent over a large 
population fluctuation between years. The quantification of the 
relationship between moths and egg masses using the flush bar technique 
supported and completed the triangle presented in Figure 1. Flush bar 
sampling for ECB moths offers the grower or IPH scout a time- and labor-
saving technique to predict the need for field scouting. An inherent 
"confidence interval" exists within the lag between moth build up and 
the increase in egg masses, insuring adequate time for field scouting 
and management decisions. 
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PART II. EGG MASS DISTRIBUTION AND COLONIZATION OF EUROPEAN CORN 
BORER IN HYBRID SEED CORN 
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INTRODUCTION 
There are numerous reports in the literature that first-flight 
female European corn borer (ECB), Ostrinia nubilalis (Hubner), prefer to 
oviposit on the tallest, earliest planted corn in the area (Barber 1926, 
Huber et al. 1928, Beard and Turner 1942, Everett et al. 1958). 
Neiswander and Huber (1929) reported a strong correlation between corn 
height and egg mass number, with taller plants receiving larger numbers 
of egg masses. Everett et al. (1958) reported second-flight females 
prefer late-planted corn, regardless of the hybrid. Maturity is an 
important factor in oviposition preference, with females reportedly 
being able to discriminate sharply between plants differing in only a 
few days development (Huber et al. 1928). 
In hybrid cornfields with uniform planting dates, there is a Poisson 
distribution of European corn borer egg masses among plants (Beall 1940, 
Chiang and Hodson 1959, Shelton et al. 1986). In a seed production 
situation, however, inbreds are often planted at staggered dates because 
of differences in heat unit requirements. Staggered planting within the 
male inbred also insures adequate pollination (Adda Sayers, IPM 
Specialist, Pioneer Hi-Bred Int., personal communication). Not only is 
there potential for developmental differences with staggered planting 
dates, but removal of the tassel on the female parent creates 
morphological differences between inbreds. 
On individual plants, Windels and Chiang (1975) found that the 
distribution of egg masses was aggregated around the ear, with 16.1% on 
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the ear leaf and 43.3% on the ear leaf plus one leaf above and below the 
ear. Since females prefer to oviposit on or near the ear leaf, Calvin 
et al. (1986) proposed a labor-saving partial plant examination 
technique. By examining only seven leaves: the ear leaf and the three 
leaves above and below the ear, it was estimated that 91% of the egg 
masses from the whole plant examination technique could be discovered. 
Partial plant counts could then be standardized to whole plant counts 
through incorporating a correction factor (( x/91) x 100). 
The accuracy of the partial plant scouting technique in seed corn 
fields with inbred parents has not been examined. In a seed production 
situation, typically the female inbred only is scouted. Tasselled male 
inbreds are taller and have more leaves than detasselled female plants, 
resulting in greater surface area. While both inbreds produce silks and 
ears, only male plants have tassels and shed pollen. Such differences 
between plants within a field could potentially affect both distribution 
of egg masses between inbreds, as well as within individual plants. 
Once hatched, the larval European corn borer is reported to suffer 
high mortality (Huber et al. 1928). Patch et al. (1942) reported that 
survivorship differed among certain inbreds, and that inbreds varied in 
their inherent resistance. Everett et al. (1958) reported a preference 
by second-flight ECB females to oviposit on late planted resistant 
hybrids over early planted susceptible hybrids. The potential exists 
for late planted resistant varieties to receive higher numbers of egg 
masses, and yet sustain lower larval survivorship. Such differences 
could affect management decisions for second generation larvae, which 
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are typically based on scouted egg mass numbers per plant. 
The objective of this study was to test for egg mass distribution 
and colonization differences in a seed production situation with 
tasselled and detasselled parent inbreds. Such ovipositional 
differences could affect the accuracy of scouting methods, and 
therefore, the prediction of potential larval population levels for the 
purpose of treatment decisions. 
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MATERIALS AND METHODS 
Four fields of hybrid seed corn under production by Pioneer Hi-Bred 
International, Inc. were chosen during 1985 to 1987 in central and north 
\ 
central Iowa for scouting second-flight European corn borer egg masses. 
The Pioneer inbred A was planted and detasselled as the female parent. 
Inbred B, the tasselled male parent,, was planted approximately five days 
later than inbred A because of developmental differences. Complete 
inbred identification is unavailable for reasons of production security. 
Four random plots were chosen within each field consisting of 20 male 
and 20 female plants. These plots were scouted throughout the season on 
a three to five day schedule. Scouting began in mid-July and continued 
through August. 
In 1985, whole plant examinations for egg masses were made to test 
for differences in accuracy between partial and whole plant examination. 
In 1986 and 1987, scouting was based on partial plant examination of the 
ear leaf, three leaves above and three leaves below (Calvin et al. 
1986). Egg masses were categorized into three groups by location: 
above, on and below the ear. The total number of egg masses above and 
below the ear was later divided by three to standardize the data to a 
per leaf basis. All new masses were circled with permanent ink, so that 
old and new masses could be distinguished upon recovery. 
One field per year was chosen to test for colonization differences. 
In late August, plants were dissected and the number of larvae and 
centimeters of tunnelling damage were recorded. Colonization was 
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calculated as the total length of dissected tunnels (cm) per plant 
divided by the potential number of larvae per plant, or number of egg 
masses x average number of eggs per mass (Sloderbeck et al. 1985): 
No. dissected tunnel (cm)/plant 
Colonization • 
No. egg masses x 23 eggs/mass 
A second index of colonization was calculated as the number of 
larvae dissected per potential egg (number of egg masses x 23 eggs per 
mass) on the plant, similar to the above equation. 
The experimental design used to test for ovipositional differences 
in egg mass numbers between inbreds was a split-plot, replicated over 16 
plots (four per field). A preliminary analysis using ANOVA was 
conducted to test for field differences. There was no effect by field, 
and the data were subjected to ANOVA (Steel and Torrie 1980) to test for 
the effect of the two factors, year and inbred type on egg mass totals. 
Whole plots were years and split-plots were inbreds (male and female). 
Egg mass means were subjected to Duncan's multiple range test (Duncan 
1955). 
Egg mass distribution differences among plants within each inbred 
were also tested using Taylor's power law: s^ > am^ (Taylor 1961). A 
log-linear model was used to obtain least squared estimates of a and b: 
log(s^) • a + b(log(mean) 
This model was also used to test for larval aggregation differences as a 
measure of colonization. 
A split-split plot was used to test for differences of egg mass 
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location between inbreds. A mixed model was used containing one random 
factor, years, and two fixed factors, inbred type and egg mass location 
on the plant. Whole plots were years, split-plots were inbred type and 
split-split plots were locations on the plant. The test was replicated 
over 16 plots. 
A split-plot design was used to test for the effect of the field 
(whole plot) and inbred type (split-plot) on accuracy of partial plant 
scouting in 1985. The four plots within fields were replicates. 
A preliminary ANOVA determined that there was no effect by field on 
tunnelling and dissected larvae between inbreds. A split-plot was used 
to test for the effect of year and inbred type on colonization. Whole 
plots were years and split-plots were inbreds. The test was replicated 
over plots within fields. 
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RESULTS 
Numbers of egg masses per plant differed during the study, with 1986 
having the greatest number summed over all plants within plots (Table 4c 
1). Although total egg mass numbers differed between years, there was 
Table 1. Mean ECB egg mass per plant from 320 
male inbred and 320 female inbred 
corn plants 
Total No. No. of Egg 
Year Egg Masses! Masses/plant^ 
1985 855 0.96b 
1986 615 1.33a 
1987 300 0.46c 
Means within a column followed by the same 
letter are not significantly different (P > 0.05) 
by Duncan's multiple range test (Duncan 1955) 
a consistent trend for greater egg mass numbers on the male inbred 
(Figure 10). While egg masses are typically reported to have a Poisson 
distribution within hybrid cornfields (Beall 1940, Chiang and Hodson 
1959, Shelton et al. 1986), adult European corn borer females exhibited 
an ovipositional preference for the male inbred in this study. The 
percent of egg masses found on male plants out of the total number 
ranged from 62% in 1986 to 71% in 1987, with a three year average of 66% 
Figure 10. Total number of ECB egg masses on 320 male inbred plants 









on the male inbred (Figure 10). 
Preliminary analysis revealed that differences between fields were 
insignificant. Subsequent analysis of the data revealed a significant 
effect of year (F • 21.8; df " 2, 30; P <• 0.0001) and inbred type (F -
50.02; df " 1, 45; P " 0.0001) on the number of egg masses. A summary 
of the.analysis may be found in Appendix Table A3. 
Differences in the distribution of egg masses between inbreds were 
found using the log-linear regression model of Taylor's power law. When 
the log of the variance of egg mass numbers between plants was regressed 
on the log of the mean egg mass number per plant, regression 
coefficients were obtained for each inbred. A t-test was then 
calculated 2 " 4.303) to test for coefficient differences between 
inbreds. The slopes between the inbred regressions differed 
significantly, with b • 2.97 (SE » 0.279) for the male inbred and b » 
1.72 (SE = 0.026) for the female inbred (Figure 11). The greater 
variance to mean ratio for the male inbred indicates a trend toward a 
non-random distribution of egg masses among plants. 
Seemingly, there was an unequal distribution of egg masses on the 
plant, with the majority of egg masses located on the ear leaf and three 
leaves below the ear for both inbreds (Table 2). Egg mass location also 
differed between inbreds. On the male inbred, 51.3% of the egg masses 
were located on the three leaves below the ear. On the female inbred, 
63.4% of the egg masses were located on the three leaves below. The ear 
leaf had 18.9% and 17.7% of the egg masses between male and female 
inbreds, respectively. Male plants had a higher percentage of egg 
Figure 11. Plotted regression line from the log-linear model of 
Taylor's power law, testing for aggregation differences 
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masses above the ear (above • 29.7%) than did females (above " 18.9%). 
Table 2. Mean number of ECB egg masses per 20 male and 
20 female inbred plants, 1985 to 1987 
Location Male Female Difference 
Three leaves above 29.0 9.4 19.6 
Ear leaf 18.5 8.8 9.7 
Three leaves below 50.0 31.6 18.4 
Analysis of the number of egg masses per leaf within each location 
on the plant revealed a significant three-way interaction between year x 
inbred x location on the plant (F • 3.98; df • 4, 180; P • 0.05). The 
analysis is listed in Appendix Table A4. In 1985 and 1986, there were 
significantly more egg masses on the ear leaf of the male inbred than on 
the female (Figure 12, Table 3). In 1987, numbers of egg masses on the 
ear leaf did not differ between inbreds. In 1986, there were also more 
egg masses located below the ear leaf on the male than on the female 
inbred, while in 1985 and 1987 there was no difference in number between 
inbreds (Table 3). The analysis also revealed two significant two-way 
interactions, year x position on the plant (F « 3.00; df = 4, 180; P = 
0.02) (Table 4), and inbred x position (F • 3.23; df • 2, 180; P • 0.04) 
(Table 5). 
9#  ^
Figure 12. Number of egg masses within three locations on male and 
female inbred plants, 1985 to 1987 
Mde Femde Mde Femde Mde Femde 
1985 1986 1987 
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Table 3« Mean number of ECB egg masses per leaf within three positions 
on the plant^ 
1985 1986 1987 
Position Male Female Male Female Male Female 
Above 3.04cde 0.35e 3.10cde l«85de l.lOe 0.14e 
Ear 4.62ab 1.56de 5.93a 3.68bc 3.37bcd 1.37de 
Below 4.22abc 3.12bcde 6.04a 3.60bcd 2.22cde l.lSde 
Means within the table followed by the same letter are not 
significantly different (P > 0.05) by Duncan's multiple range test 
(Duncan 1955) 
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Table 4. Mean number of ECB egg masses per leaf within three positions 
on inbred plants^ 
Position 1985 1986 1987 
Above 1.69bc 2.47abc 0.62c 
Ear 3.09abc 4.80a 2.37abc 
Below 3.67ab 4.82a 1.70bc 
Means within the table followed by the same letter are not 
significantly different (P > 0.05) by Duncan's multiple range test 
(Duncan 1955) 
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Table 5. Mean number of ECB egg masses per leaf within three 
positions on the male and female inbred plant^ 
Position Male Inbred Female Inbred 
Above 2.41abc 0.78c 
Ear 4.64a 2.20bc 
Below 4.16ab 2.63ab 
Means within the table followed by the same letter are 
not significantly different (P > 0.05) by Duncan's multiple 
range test (Duncan 1955) 
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In all three years, numbers of egg masses above and on the ear are 
similar. In 1987, with fewer total egg masses, the area below the ear 
received significantly fewer egg masses than in 1986 (Table 4). The 
two-way interaction, inbred x position, results from fewer numbers of 
egg masses on the female inbred ear leaf than on the male inbred (Table 
5). Greater numbers of egg masses are located below than above the ear 
on the female inbred (Table 5). , 
A comparison between partial and whole plant scouting in 1985 
indicated lower percentages of egg masses were recovered by partial 
plant examination than the 91% recovery suggested by Calvin et al. 
(1986) in hybrid fields. Percent recovery with the seven-leaf sample 
ranged from 69% to 89% of the total egg masses per plant among plots. 
Greater numbers of egg masses were recovered using the partial technique 
on the male inbred than on the female inbred (Table 6). The recovery 
rate on the male inbred using the partial plant technique was 86.9% of 
the total number of egg masses, averaged over 320 plants. The average 
female recovery rate was 77.8% of the total egg masses for 320 plants. 
The analysis testing the effect of male and female inbred on percent 
detection by the partial plant examination technique approached 
significance (F " 4.63; df " 1, 12; P " 0.0524). A 90% confidence limit 
was calculated as; t = 1.75 + SEM (Steel and Torrie 1980). 
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Table 6. Percent of the average number of egg masses detected 
with a seven leaf partial plant examination versus 
whole plant examination, 1985 
Inbred Field 1 Field 2 Field 3 Field 4 90% CL 
Male 83.6% 85.5% 88.6% 89.9% 86.9 +3.13% 
Female 84.5% 69.5% 85.5% 71.7% 77.8 + 7.47% 
Although the female ECB moths deposited greater numbers of egg 
masses on the male inbred (Table 3), fewer cm tunnels/egg were dissected 
from male inbred plants. The data are listed in Appendix Table A5. The 
three year average of tunnel length per potential number of larvae was 
0.874 cm/egg for the male inbred and 1.677 cm/egg for the female inbred. 
Analysis results indicated that a two-way year x inbred interaction 
existed (F = 4.31; df = 2, 23; P = 0.048) for the ratio of tunnels 
(cm)/egg as a measure of colonization (Figure 13). The analysis is 
listed in Appendix Tables A6. In 1985, when total egg mass numbers were 
great, the tunnel(cm)/egg ratio on female inbred plants versus on male 
inbred plants was similar. In 1985, the tunnel(cm)/egg ratio averaged 
0.748 cm/egg on male inbred plants and 0.833 cm/egg on female inbred 
plants. In 1986, there was an average ratio of 0.473 cm/egg on male 
inbred plants, and 0.898 cm/egg on female inbred plants. The tunnel/egg 
ratio was greater for both sexes in 1987 than in 1985 and 1986, and 
colonization was significantly greater on the female versus the male 
Figure 13. Colonization (tunnels(cm)/no. egg masses x 23 eggs/mass) 






inbred. The mean ratio for the male inbred was 1.407 cm/egg in 1987 and 
3.304 cm/egg for the female inbred (Figure 13). 
Analysis of the number of dissected ECB larvae/egg number indicated 
a significant effect by year (F • 13.23; df " 2,23; P " 0.0063) and 
inbred type (F • 10.59; df • 1, 23; P " 0.009). The analysis is listed 
in Appendix Table A7. To test for larval aggregation differences 
between inbreds, dissected larval numbers per plant were subjected to 
the log-linear regression model of Taylor's power law (Taylor 1961). 
The regression coefficient from the log of the variance regressed on the 
log of the larval mean was b " 1.53 (SE " 0.213) for the male inbred and 
b " 1.85 (SE - 0.198) for the female inbred, suggesting similarity in 
larval aggregation. While egg masses tended to be aggregated on the 
male inbred (Figure 11), larvae on both inbreds had a Poisson 
distribution later in the season. 
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DISCUSSION 
In this study, significantly greater numbers of egg masses were 
deposited on the male inbred, indicating an ovipositional preference by 
the female European corn borer. Analysis using a log-linear model of 
Taylor's power law indicated that egg mass deposition on the male inbred 
tended toward a non-random distribution. Several factors could 
influence the attractiveness of this inbred as an oviposition site: 
maturity, morphology, semiochemicals emitted by the silks and tassel or 
pollen. 
The literature documents a strong effect of plant maturity on 
attractiveness, with late-planted corn more attractive to second-flight 
ECB females (Barber 1926, Beard and Turner 1942, Everett et al. 1958). 
Huber et al. (1928) reported the ability of ECB females to discriminate 
between plants differing in maturity by only several days. The male 
inbred used in this study was planted later than the female because of a 
developmental difference of 100 to 140 heat units between inbreds. Rows 
of the male inbred are also staggered by planting date, to insure a high 
percentage of pollination (Adda Sayers, IPM Specialist, Pioneer Hi-Bred 
Int., personal communication). The male inbred can be considered later 
planted than the female inbred, with an average difference in maturity 
of five days. 
Morphological differences also exists between inbreds. The male 
inbred is typically taller than the female inbred, because of the 
presence of the tassel. During detasselling, not only is the tassel 
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removed on the female inbred, but often one to three leaves at the top 
of the plant are accidentally removed. 
The survival of larval insects is often dependent upon the 
sensitivity of females to oviposit on suitable hosts. Second-generation 
ECB larvae feed on pollen in the leaf axils (Guthrie et al. 1969), and 
the presence of pollen on the male inbred during tasselling might serve 
as an ovipositional cue. Though not significant, the male had 
consistently more egg masses above the ear, suggesting that the tassle 
might influence attractiveness to ovipositing ECB moths. The three-way 
interaction, year x inbred x position, results from differences in egg 
mass distribution between inbreds, with distribution fluctuating with 
changing population levels. More egg masses were deposited on the ear 
leaf of the male inbred during a year of increased egg mass numbers. 
Under these circumstances, the male inbred also received more egg masses 
below the ear than the female inbred. With greater levels of egg mass 
deposition, there seems to be a trend for a greater concentration of egg 
masses on the male inbred versus the female inbred. 
Only the ears of the female inbred are harvested in seed production, 
therefore, the female is the only inbred scouted. Pioneer has 
traditionally used the whole plant examination technique to scout for 
egg masses, with a treatment threshold of 0.25 egg masses per plant. 
There is a trend, however, to switch to a five-leaf partial plant 
examination technique; the ear leaf, two leaves above and two leaves 
below (Adda Sayers, IPM Specialist, Pioneer Hi-Bred Int., personal 
communication). From the data collected in this study, a one year 
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comparison of partial versus whole plant scouting indicated that the 
recovery rate using the seven-leaf technique fell below the suggested 
accuracy level obtained in hybrid fields by Calvin et al. (1986). 
Ovipositional preferences between inbreds, as well as differences in egg 
mass location with ECB population fluctuations can be assumed to affect 
the accuracy of infestation assessment. An average recovery rate (90% 
CL) in the range of 70.3% to 85.3% of the total egg masses on the female 
inbred can be expected using the seven-leaf sample. The choice of a 
five-leaf sample may be even less accurate. The partial plant scouting 
technique for inbred plants needs to be refined to enhance precision in 
a production situation. 
Although egg masses were distributed by the female moth with a 
higher degree of aggregation on the male inbred, larval distribution was 
random among inbreds. When tunnel length/egg was used as a measure of 
colonization, the overall ratio was lower for the male inbred. The two-
way interaction, year x inbred indicated that at small egg mass 
densities, larval tunnelling was increasingly greater on the female 
inbred. Everett et al. (1958) reported that infestations of six egg 
masses per plant did not increase the infestation level over three egg 
masses per plant, and suggested a density-dependent factor (crowding) 
adversely affected larval survival. During this study, egg mass 
averages were below those of Everett et al. (1958), and therefore, 
crowding was not considered a factor. 
In conclusion, ovipositional preferences by the female European corn 
borer between inbreds and within locations on the plant create a need 
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for the refinement of the partial plant scouting technique, as a basis 
for treatment decisions. In this study, a lower percentage of egg 
masses were recovered on the inbred of commercial importance. 
Inaccurate sampling in a high-value processing crop can potentially 
result in poor management decisions and loss of profit. 
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PART III. ACTION SITE-DIRECTED TREATMENT FOR ADULT EUROPEAN CORN BORER 
TO REDUCE LARVAL FIELD INFESTATION 
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INTRODUCTION 
Showers et al. (1976) determined that the adult European corn borer 
(ECB), Oatrinia nubilalis (Hubner), aggregates in "action sites" or 
grassy areas within and peripheral to the cornfield. They defined a 
suitable action site in the Corn Belt as an area approximately 100 to 
150 m^, consisting of brome, Bromus spp. (May-June), or foxtail, Setaria 
spp. (July-August), with a canopy height of 57 to 117 cm. The areas are 
usually located among waterways within the field and along fencerows 
around the field. During the summer, senescent vegetation in ditches 
and along roadsides is typically unsuitable as an action site. 
Adults are initially attracted to the microclimate within the grass, 
which has favorable temperatures and high humidity. Free water collects 
in the grass from rain and dew (DeRozari et al. 1977). After drinking, 
females release a sex pheromone (Klun and Robinson 1971), which serves 
as a secondary attractant. Mated females then move into the cornfield 
and oviposit. In laboratory studies, Guthrie et al. (1985) estimated 
that ECB females can deposit approximately 300 egg over a series of nine 
to ten nights. 
These grassy areas serve as a unique arena for adult sampling, as 
well as adult management. Until recently, however, the adult stage of 
the European corn borer has received little attention as a source of 
management potential. Schurr (1970) attempted adult control by removing 
the grassy action sites peripheral to the field. He reported fields 
surrounded with action sites had six times as many damaged plants as 
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experimental fields where the grass had been removed. Showers et al. 
(1980) achieved a significant reduction in egg mass deposition and 
larval cavities in the field, and an increase in yield by treating 
adults in the grass with carbaryl (2.26 AI kg/ha) in an oil carrier. 
While carbaryl exhibited satisfactory knockdown combined with good 
residual control, the oil formulation is now difficult to obtain 
commercially. 
Whitford and Showers (1987) and Whitford et al. (1987) sampled both 
canopy and ground-dwelling arthropod fauna within action sites to assess 
the effect of grass treatments on these communities. With the exception 
of two species of leafhopper, detrimental effects were not found on 
species diversity or seasonal abundance of insects within treated areas. 
Spider populations were generally unaffected, except for one family of 
foliage-dwellers, Tetragnathidae, which was reduced for a 28 day period. 
Their results suggested that beneficial populations, especially ground-
dwelling arthropods, could be protected by sprays aimed at the upper 
canopy, and, if possible, timed to miss peaks in beneficial populations. 
The objective of this study was to expand the study of Showers et 
al. (1980) to include the assessment of the efficacy of an action site-
directed adult control strategy, in comparison with a standard larval 
field treatment. By targeting pre-oviposition and actively ovipositing 
females in the action site, potential larval field infestations can be 
reduced (Showers et al. 1980). Reduced pesticide application can lower 
production costs, as well as environmental impact. This control 
strategy significantly decreases the area treated because applications 
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are made within small areas of grass in the field and on field borders 
versus whole fields. 
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MATERIALS AND METHODS 
Four fields of hybrid seed corn under production by Pioneer Hi-Bred 
International were chosen each year (1985 to 1987) in central and north 
central Iowa for adult sampling and treatment application. All fields 
consisted of six rows of inbred A, as the female (detasselled) parent, 
planted with two rows of inbred 9, as the male (tasselled) parent. For 
reasons of production security, the complete indentification of inbreds 
is unavailable. Fields were chosen on the basis of attractiveness to 
second flight moths, using planting date and crop maturity (Everett et 
al. 1958), in conjunction with the availibility of action sites 
peripheral to the field for sampling and treatment. 
Two relative sampling methods were used to monitor adult populations 
in the grass on a daily basis: Ellisco 15-W blacklight traps (BLT), 
powered by a 12 V deep-cycling golf cart battery, and adult flush bar 
samples. One blacklight trap was placed in the grass adjacent to each 
cornfield to monitor adult movement. Captures were removed daily, 
counted and sexed. Females were classed according to the scheme 
developed by Showers et al. (1974b): 
Class 1 - unmated, ovaries gravid 
Class 2 - newly mated, ovaries gravid and spermatophore present 
Class 3 - ovaries and spermatophore partially depleted 
Class 4 - ovaries depleted, spermatophore depleted, concave and 
melanoid 
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Flush bar samples were taken by sweeping a meter-long bar through 
the grass in 10 meter-long sweeps, for a total sample area of 10 m^. 
ECB adults were counted as they flushed from the grass. All areas 
around the field were sampled to determine suitable sites. Areas 
without moths were deemed unsuitable, and dropped from the sampling 
regime. Flush bar samples were taken every morning before 0930 h (CST), 
when conditions were calm and cool. 
In conjunction with adult sampling in the grass, fields were scouted 
on a three to five day schedule for egg masses. Four plots were 
randomly chosen within each field consisting of 20 male inbred plants 
and 20 female inbred plants. Scouting was conducted by partial plant 
samples consisting of the ear leaf, three leaves above and three leaves 
below the ear (Calvin et al. 1986). All egg masses were circled with 
permanent ink to distinguish between old and new masses upon recovery. 
Adult numbers flushed in the grass and egg mass counts in the field were 
used as the basis for the timing of treatments. 
Fenvalerate (Pydrin) at 0.17 kg Al/ha was chosen for larval control 
in the field and methomyl (Lannate) 0.3 kg Al/ha was chosen for adult 
control in the grass. The experiment was designed with four treatments 
to compare the effect of adult control against a standard larval control 
treatment: a field treatment with fenvalerate (larval control), a field 
treatment with fenvalerate in combination with a grass treatment of 
methomyl (larval and adult control), a grass treatment with methomyl 
(adult control) and an untreated check. Treatments were aerially 
applied in 1985 and 1986 by a Piper Brave 300, and by a Bell 47G5-Model 
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helicopter in 1987. Two field applications were made per season. 
Because moth numbers increased in the grass before increases of egg 
masses in the field, spot applications of methomyl were applied to the 
grass in 1986 and 1987. Treatments were applied on 2 and 13 August in 
1985, 20 July (grass only), 31 July and 5 August in 1986 and 24 July 
(grass only), 1 and 6 August in 1987. 
The experimental design consisted of a randomized complete block, 
with treatments applied to individual fields, replicated over years. 
The data were analyzed by ANOVA (SAS). Mean comparisons of larval 
number and length of tunnels (cm) within the stalk were made using 
Duncan's multiple range test (Steel and Torrie 1980). 
In late August, all ears were hand-harvested from the plants within 
the scouted plots. Stalks were split to dissect 4th and 5th instar 
larvae, and to measure length of tunnels per stalk. In 1985, all male 
rows in the field treatment (larval control) were accidentally removed. 
Inbred corn yields are small and highly variable, therefore, the effect 
of the treatments on yield could not be analyzed. 
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RESULTS 
Analysis of the data revealed an effect on dissected tunnel lengths 
by treatment (F • 10.13; df « 3,6; P • 0.009). Summary of the analysis 
is listed in Appendix Table A8. Tunnelling damage reductions were 
greatest in the combination field (fenvalerate) and grass (methomyl) 
treatment (Figure 14). Mean comparison by Duncan's multiple range test 
(Duncan 1955) indicated that the combination application of fenvalerate 
in the field and methomyl in the grass resulted in fewer tunnels than 
the methomyl grass treatment or untreated check. 
The reduction in tunnel length with the addition of methomyl to the 
grass versus the standard field treatment (fenvalerate) averaged 34.8% 
fewer cm of tunnelling (Table 7). Although not statistically 
significant, the methomyl treatment on the grass resulted in an average 
reduction of 29.0% fewer tunnels over untreated check (Table 8). 
Analysis of the data by ANOVA confirmed a significant effect of 
treatments on larval number (F • 4.93; df • 3,6; P • 0.0465). Summary 
of the analysis is listed in Appendix Table A9. The greatest reduction 
in larval numbers over all years occurred in the field-grass combination 
treatment (Figure 15). Duncan's multiple range test (Duncan 1955) 
revealed that the field and grass combination treatment had fewer cm 
tunnels and larvae than did the methomyl grass treatment or the 
untreated check (Appendix Table AlO). Although not statistically 
significant, a reduction in numbers of larvae achieved by the 
application of methomyl to the grass in combination with the standard 
Figure 14. Average length of dissected ECB tunnel damage(cm) from 20 
plants within and adjacent to field and grass treatment 
areas, 1985 to 1987 
Avg. tunnel length(am)/20 plants 
SOT 
Figure 15. Average number of ECB larvae dissected from 20 plants 
within and adjacent to field and grass treatment areas, 
1985 to 1987 
Avg. number larvae/80 plants 
ZOT 
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field treatment averaged 42% fewer larvae than with the field treatment 
alone (Table 7). Grass treatments in comparison with untreated fields 
averaged 31% fewer larvae but were not significantly different (Table 
8) .  
Table 7. Percent reduction of number of larvae and 
lengths of tunnel with grass and field 
treatment over field treatment alone in 
central and north central Iowa 
Year* % fewer larvae % fewer cm tunnels 
1986 67.6% 44.6% 
1987 16.3% 25.0% 
Average 41.9% 34.8% 
*1985 (replication I) was dropped because male 
rows of field treatment were inadvertently removed. 
Table 8. Percent reduction of number of ECB larvae 
and lengths of ECB tunnels with grass 
treatment over untreated check in central 
and north central Iowa 
Year % fewer larvae % fewer cm tunnels 
1985 29.0% 10.7% 
1986 36.6% 43.8% 
1987 28.2% 35.4% 
Average 31.3% 29.9% 
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In an effort to document the effect of grass treatments, daily 
averages of flush bar samples were accumulated into a running sum and 
plotted over time (Figures 16-18). In 1985, an abrupt decline in the 
rate of increase in the running sum is seen with a treatment application 
on 2 August (Figure 16). In 1986, similar effects are seen on 20 and 28 
July (Figure 17), and on 24 July in 1987 (Figure 18). Each year the 
methomyl applications on the grass temporarily reduced the number of 
adults sampled. While the initial knockdown by methomyl was sufficient, 
residual effects lasted only one to three days. 
Matedness data of females captured in blacklight traps indicate 
first treatment applications correspond with the majority of class 2 and 
3 females, or newly mated and actively ovipositing. During the first 
treatment application in 1985, 83% of the females captured in the BLT 
were class 2 and 3 (Table 9). In 1986 and 1987, 93% and 54% were class 
2 and 3, respectively (Table 9). The second treatment application 
corresponded to a maxima of class 3 and 4 females. In 1985, 1986 and 
1987, class 3 and 4 females comprised 90%, 78%, and 61% of the females 
captured in the BLT at the second treatment application, respectively 
(Table 9). 
Figure 16. Running sums of ECB adults flushed from methomyl-treated 
grass areas on 2 August 1985 
I l l  
i 
24 26 29 31 8 10 12 
July August 
Figure 17. Running sums of ECB adults flushed from methorny1-trested 
grass areas on 20 and 28 July 1986 
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Figure 18. Running sums of ECB adults flushed from methomyl-treated 
grass areas on 24 July 1987 
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Table 9. Percent of the total ECB females in each class of 
matedness from blacklight trap captures at time of 
treatment application, 1985 to 1987 
First 
application Class 1 Class 2 Class 3 Class 4 
1985 4% 44% 39% 13% 
1986 1% 77% 18% 4% 
1987 21% 31% 23% 25% 
Avg. 8.6% 50.7% 26.7% 14.0% 
Second Class 1 Class 2 Class 3 Class 4 
application 
1985 1% 9% 45% 45% 
1986 1% 21% 35% 43% 
1987 16% 23% 25% 36% 
Avg. 6.0% 17.7% 35.0% 41.3% 
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DISCUSSION 
The action site offers a valuable window to observe the ecology of 
the European corn borer. Females captured in blacklight traps 
stationed in grass sites can be used to estimate the proportion of the 
female population actively ovipositing. Relative sampling methods, such 
as the flush bar, can be used to monitor the rate of increase in the 
population for determining the timing of field scouting and management 
decisions. 
In laboratory studies, Guthrie et al. (1985) estimated a female 
European corn borer could produce 300 eggs over a ten night period. 
Females aggregate in action sites to mate and rest before oviposition. 
Properly timed treatment applications for adult control in the grass can 
reduce the ovipositing female population, potentially reducing egg mass 
deposition within the field. 
Consistent reductions in larval numbers and tunnel lengths were seen 
with applications of methomyl to the grass in combination with 
fenvalerate applied to the cornfield. In a seed production situation, 
when 2% of the kernels are damaged, approximately 4% of the seed is lost 
in cleaning and processing. With a 3% damage level, approximately 8-9% 
of the seed is lost in the removal of the damaged kernels (Adda Sayers, 
IPM Specialist, Pioneer Hi-Bred Int., personal communication). 
Consequently, with a high value processing crop like seed corn, 
reductions of larval numbers and damage in the ear are of key 
importance. 
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The average level of control achieved in this study with methomyl 
applied to the grass was significantyly lower than that in the field and 
grass combination treatment. However, a compound with longer residual 
control than methomyl could enhance the level of adult suppression. 
Effective adult control could be of practical value incorporated into an 
integrated management program. Successful use of grass treatments as a 
management strategy would offer both economical and ecological benefits. 
Adult control substituted for larval field treatments in a management 
program for the European corn borer would reduce the volume of toxicant 
applied, resulting in lower production costs and decreased environmental 
impact. Furthermore, the potential exists for the application of a more 
self-sustaining control agent, such as a pathogen to adult areas. 
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SUMMARY 
The adult European corn borer, Ostrinia nubilalis (Hubner), 
aggregates in grassy areas peripheral to and within the cornfield. 
Females mate and rest within the grass before moving into the cornfield 
to oviposit. This behavior enhances the potential for adult sampling 
and management within a discreet area. A relative sampling technique 
was used in the grass to confirm the existence of a dependent 
relationship between ECB egg mass numbers within the cornfield and 
adults flushed from within the grass. This predictive relationship 
allows the quick and inexpensive flush bar sample to be used for 
determining the need and timing of field scouting. 
All egg mass samples were scouted in fields of hybrid seed corn. An 
ovipositional preference by the ECB female was documented between inbred 
parent plants. In this study, females deposited an average of 47% more 
eggs on the tasselled male inbred, than on the detasselled female 
inbred. There is typically a Poisson distribution of egg masses in 
hybrid fields, yet there was a trend for egg masses on the male inbred 
to be non-random. While the analysis of egg mass data revealed 
significantly greater numbers of egg masses on the male inbred, larval 
and tunnel dissection data did not correspond with egg mass 
distribution. In general, ratios of larvae and tunnels/egg were lower 
on the male inbred. 
On the plant, egg mass location differences were seen, with the 
majority of eggs laid on the ear leaf and three leaves below the ear. 
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Proportions of egg masses within each position on the plant varied 
between inbreds with population fluctuations. 
The partial plant scouting technique for European corn borer egg 
masses saves both time and labor. This technique consists of examining 
seven leaves on the plant: the ear leaf, three leaves above and three 
leaves below. The accuracy of this technique, however, has only been 
assessed in fields of hybrid corn. Distribution and egg mass location 
differences between inbreds were found to affect the level of precision 
for this technique. A greater proportion of the total number of egg 
masses were recovered on the male inbred using this sampling system. 
ECB females mate and rest in the grass before ovipositing in the 
field, therefore, potential exists to decrease larval infestations in 
the field through adult control in the grass. Treatments of methomyl 
were applied to the grass for adult control, in comparison with, as well 
as in combination with, applications of fenvalerate for larval control 
in the field. While grass treatment with methomyl was not significantly 
different from field treatment with fenvalerate, there was a consistent 
trend of reduced numbers of larvae and tunnel damage with the addition 
of an adult control treatment to the grass. 
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APPENDIX 
Table AIL Running sum of the mean of daily averages of adult ECB 
flushed from action sites and running sum of ECB egg mass 
totals scouted on inured plants, 1985 to 1987 
Flush Egg Flush Egg 
Date Field Bar Sum Mass Sum Field Bar Sum Mass Sum 
7-24-85 1 3.20 5.75 2 1.50 4.25 
7-29-85 1 17.30 8.00 2 3.60 10.25 
8-01-85 1 24.60 16.00 2 13.40 23.75 
8-06-85 1 26.70 20.75 2 48.40 40.00 
8-09-85 1 27.30 25.75 2 49.00 45.00 
8-15-85 1 27.60 28.25 2 49.20 47.00 
7-18-86 1 5.30 3.50 2 2.60 2.00 
7-21-86 1 45.60 11.25 2 14.90 5.25 
7-25-86 1 115.30 33.25 2 32.10 10.50 
7-29-86 1 219.15 57.75 2 88 70 25.25 
8-01-86 1 221.90 71.50 2 111.30 34.50 
8-06-86 1 225.15 84.00 2 113.00 41.00 
7-14-87 1 3.40 0.25 2 0.25 1.00 
7-18-87 1 8.40 2.25 2 6.75 2.00 
7-22-87 1 15.40 5.50 2 25.90 8.25 
7-27-87 1 21.40 8.25 2 41.30 13.50 
7-30-87 1 26.40 12.75 2 51.60 18.75 
8-03-87 1 28.70 16.25 2 54.80 22.00 
8-11-87 1 29.20 16.75 2 55.80 23.00 
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Table A2. Results of linear and quadratic regressions of 
running sums of ECB egg masses/40 plants on the 
running sum of mean adult numbers in the grass, 
1985 to 1987 
Linear Quadratic 
Year P > F 
CM U
 P > F 
CM u
 
1985 .0001 .890 .0001 .892 
1986 .0001 .957 .0001 .958 
1987 .0001 .908 .0001 .915 
86/87 .0001 .958 .0001 .958 
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Table A3. Summary of analysis of variance testing for differences in 
the number of ECB egg masses on male and female inbred 
plants, 1985 to 1987 
Source of variation df Mean square F 
Plot 15 145.1083 
Year 2 2421.0938 33.65** 
Error a 30 98.0604 
Inbred 1 3408.1666 47.37** 
Year*Inbred 2 94.5729 1.31ns 
Error b 45 71.9486 
** , 
P < 0.01. 
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Table A4. Summary of analysis of variance testing for differences 
in numbers of ECB egg masses per leaf in three locations 
on male and female inbred plants, 1985 to 1987 
Source of variation df Mean square F 
Plot 15 10.1370 
Year 2 146.2851 21.83** 
Error a 30 6.7011 
Inbred 1 250.6311 50.02** 
Year*Inbred 2 5.6624 1.13ns 
Error b 45 5.0108 
Location 2 105.3406 57.13** 
Year*Location 4 5.5270 3.00* 
Inbred*Location 2 5.9494 3.23* 
Year*Inbred*Location 4 4.3175 2.34* 
Error c 180 1.8438 
*P < 0.05. 
P < 0.01. 
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Table A5. Number of dissected ECB tunnels (cm), ECB larvae and 
estimated ECB eggs (number egg masses x 23 eggs per mass) 
per 80 plants 
Male inbred Female inbred 
Year Eggs Larvae Tunnels(cm) Eggs Larvae Tunnels(cm) 
1985 2806 354 2100 1012 155 843 
1986 2415 470 1143 1311 321 1178 
1987 1472 167 2072 598 56 1976 
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Table A6> ° Summary of analysis of variance testing for differences in 
lengths of ECB tunnels dissected from male and female inbred 
corn plants, 1985 to 1987 
Source of variance df Mean square F 
Plot 3 0.0133 
Year 2 0.0216 2.11ns 
Error a 6 0.0102 
Inbred 1 0.0312 5.60* 
Year*Inbred 2 0.0240 4.31* 
Error b 9 0.0055 
*P < 0.05. 
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Table Â7. Summary of analysis of variance testing for differences in 
dissected ECB larvae from male and female inbred corn 
plants, 1985 to 1987 
Source of variance df Mean square F 
Plot 3 0.0023 
Year 2 0.0322 13.23** 
Error a 6 0.0011 
Inbred 1 0.0072 10.59** 
Year*Inbred 2 0.0001 0.24ns 
Error b 9 0.0061 
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Table Â8. Summary of analysis of variance testing for differences 
in lengths (cm) of dissected ECB tunnels in corn from 
three treatment strategies and an untreated control, 1985 
to 1987 
Source of variation df Mean square F 
Year 2 29050.844 
Treatment 3 99862.653 10.13** 
Error 6 9858.796 
** 
P < 0.01 
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Table A9. Summary of analysis of variance testing for differences 
in numbers of dissected ECB larvae from three treatment 
strategies and an untreated check, 1985 to 1987 
Source of variation df Mean square F 
Year 2 7359.7705 8.87* 
Treatment 3 4090.4097 4.93* 
Error 6 829.7430 
* P < 0.05. 
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Table AlO. Numbers of dissected ECB larvae and length 
of ECB tunnels(cm) per 20 inbred corn plants 
Treatment No. larvae^ Length of tunnel(cm)^ 
Field/grass 8.08c 76.9c 
Field 21.40bc 138.6bc 
Grass 42.63ab 310.8ab 
Untreated 63.50a 441.45a 
^Means followed by the same letter are not significantly 
different (P > 0.05) by Duncan's multiple range test 
(Duncan 1955) 
